The surgical results of ossicular chain reconstruction using a hydroxyapatite prosthesis were evaluated in 106 ears of 101 patients who were followed up for > 5 years. Successful reconstruction was de®ned as: (1) postoperative air±bone gap of 20 db; or (2) postoperative air conduction better than 40 db; or (3) hearing gain better than 15 db. Success in hearing was obtained in 63/106 ears (59%) at 1 year; 44/ 65 ears (68%) in P-type (short columella) and 19/41 ears (46%) in T-type (long columella). By the ®fth year, the overall success rate had deteriorated to 50%: i.e. 39/65 ears (60%) in P-type and 14/41 ears (34%) in T-type. Extrusion of the prosthesis occurred in 17 ears (16%) with a mean postoperative period of 27.7 months. The present results indicate that hydroxyapatite is a suitable material for an ossicular prosthesis, although the incidence of extrusion is high when it is placed in contact with the tympanic membrane.
have found varying degrees of popularity. Concern about the biocompatibility of these materials led to the development of ceramic materials. In 1981, Grote ®rst reported the clinical results of a hydroxyapatite ceramic prosthesis used for middle ear reconstruction. 1 Since then several studies in the literature have demonstrated excellent biocompatibility of hydroxyapatite ceramic in the middle ear. At present, however, long-term surgical results remain scarce. In 1982, we began to use hydroxyapatite ossicular prostheses of two designs, short and long. The purpose of this study is to review our long-term surgical results, mainly in respect to hearing and the incidence of extrusion.
Materials and methods

H Y D R O X Y A P A T I T E O S S I C U L A R P R O S T H E S E S
Hydroxyapatite prostheses (Asahi Optical Co. Japan) are of two designs. The P-type (partial ossicular prosthesis) or short columella is designed to be positioned between the stapes head and the tympanic membrane, and is used when the stapes is intact. T-type (total ossicular prosthesis) or long columella is for interposition between the stapes footplate and the tympanic membrane, and is used when the stapes superstructure is missing. They are shaped like drawing pins to facilitate surgical manipulation and to ensure stability in the middle ear.
The surface of the entire prosthesis is smooth and slippery. The prostheses are strong enough for the purpose of ossicular reconstruction, but may crack if pinched forcefully with ossicular forceps. For this reason, we designed forceps to hold the strut of the prosthesis (Fig. 1a) . The prosthesis is adequately shortened by holding the shaft like pin rod with these forceps and by cutting it with a ®ne disc diamond burr (Fig. 1b) .
Correspondence: Takayuki Shinohara, MD, Department of Otolaryngology, Ehime Uiversity School of Medicine, Shigenobu-cho, Onsen-gun, Ehime, 791±0295, Japan (e-mail: shino@m.ehimeu.ac.jp). Between 1982 and 1989, ossicular reconstruction using a hydroxyapatite prosthesis was performed in 159 ears of 154 patients. Of these, 106 ears of 101 patients (60 males and 41 females, mean age of 37.3, range 6±65 years old) have been followed up for > 5 years and were the subject of the present study. Five patients were under the age of 10. Preoperative diagnoses were middle ear cholesteatoma in 54 ears (51%), chronic suppurative otitis media in 49 ears (46%) and congenital ossicular anomaly in three ears (3%). The ossicular chain was reconstructed using the P-type in 65 ears and T-type in 41 ears.
Surgery was performed using the canal-up technique in 94 ears and canal-down in 12. In 21 of 106 ears, the ossicular chain was reconstructed immediately after eradication of the middle ear disease. In the rest of the 85 ears, the surgery was done in stages because of cholesteatoma or adhesive otitis media. Removal of the incus and the head of malleus at the ®rst stage facilitated eradication of the middle ear disease and recovery of attic aeration. A shaped 0.5 mm silastic sheet was placed behind the reconstructed tympanic membrane. About 9 months after the ®rst stage, the mastoid cavity was reopened and the silastic sheet was removed. Residual disease, if any, was completely eliminated. Usually, the stapes superstructure or the footplate was covered with thin mucosa and could be identi®ed without diculty. The prosthesis properly adjusted using a ®ne disk diamond burr was placed between the tympanic membrane and stapes without creating undue tension on the membrane.
The patients were followed up at least every 6 months for more than 5 years. They were instructed to attend our hospital at any time in case they had trouble such as otorrhoea, otalgia or hearing loss. Hearing was evaluated based on the criteria proposed by the Japanese Society of Clinical Otol- Results Table 1 summarizes the sequential changes in the success rate in hearing. The overall success rate gradually decreased: 59% at the ®rst year, 56% at the third year and 50% at the ®fth year. Hearing results were better in the P-type than in the T-type. The dierences were statistically signi®cant irrespective of the follow-up periods: the ®rst year (w 2 4.75, P < 0.05), the third (w 2 7.50, P < 0.01) and the ®fth (w 2 6.72, P < 0.01). The relationships between the original middle ear disease and the success rates in hearing at the ®fth year are shown in Table 2 . It should be noted that in cases of cholesteatoma the hearing results were very good when reconstructed with the P-type (w 2 11.26, P < 0.001).
Chronic otitis media had a lower success rate than cholesteatoma; particularly in cases of P-type (w 2 20.13, P < 0.001). This may be due to the fact that cases of COM reconstructed with the P-type had severe disease with poor bone-conduction hearing and/or decreased mobility of the stapes. Postoperative otoscopic ®ndings were evaluated at the ®fth year. The results were classi®ed as normal, retraction or adhesion of the tympanic membrane, recurrence of cholesteatoma or COM, or extrusion of the prosthesis (Table  3) . No substantial dierence could be seen between the hearing results in the normal group and those in the retraction group. Adhesion of the tympanic membrane occurred in ®ve ears of COM and one ear of cholesteatoma probably because of tubal insuciency. Recurrence of cholesteatoma occurred in ®ve ears, four of which were re-operated upon. The recurrence of COM occurred in three ears, which were treated conservatively. Extrusion of the prosthesis occurred in 17 of 106 ears (16%). Table 4 shows the details of these patients. The mean period until extrusion was 27.7 months; 40.9 months in P-type (n 7) and 18.5 months in T-type (n 10). Extrusion was caused by retraction of the tympanic membrane in 10 ears, in¯ammation of the middle ear in four and retraction plus in¯ammation in three. In most cases extrusion occurred between 1 and 3 years postoperatively, although in three ears it occurred after > 4 years. Two of them were revised for re-implantation of the prosthesis. Others were unrevised. At present, ®ve of these have maintained successful hearing because they were as if reconstructed with Wullstein III or IV type tympanoplasty.
Discussion
Synthetic prostheses have some advantages over auto-or homografts. They are commercially supplied in a welltrimmed and sterilized condition and there is no possibility of transferring a retro-virus infection inherent in a homograft. Disadvantages are the possible incidence of in¯amma-tion and extrusion due to a foreign-body reaction. Ceramic Table 5 summarizes the extrusion rates of alloplasts reported in the literature. The extrusion rate is lower in ceramic alloplasts than in Plastipore 1 . Aluminium oxide ceramic is bioinert and too hard to cut and modify, although the extrusion rate is reported as low. 4 Glass ceramic has a high extrusion and absorption rate in long-term studies because of the degradability. 5 These two prostheses have been withdrawn from the market. At present, hydroxyapatite seems be the best ceramic material for an ossicular prosthesis, as it is composed of inorganic compounds identical to bone matrix and is able to fuse with the surrounding bone. 6 The ceramic prostheses used in this study were hydroxyapatite, the only arti®cial ossicular prostheses commercially available in Japan.
Hydroxyapatite is believed to be technically dicult to use intraoperatively because it is brittle and shatters easily when drilled or trimmed with sharp instruments. Then Goldenberg reported that the shaft that was not made from hydroxyapatite was easily trimmed and shaped to the desired con®guration intraoperatively. 3 However, the hearing result of this hybrid T-type prosthesis is poorer than a total hydroxyapatite prosthesis. Although with our special forceps and ®ne disc diamond burr the length of the shaft of the prosthesis is easily adjusted, it might be necessary to re®ne the prosthesis design to improve the surgical results of ossicular reconstruction. Extrusion of hydroxyapatite prosthesis is believed to be caused by malfunction of the eustachian tube and/or in¯am-mation of the middle ear. Once the tympanic membrane is retracted due to tubal insuciency, the epithelium overlying the prosthesis is pulled inside resulting in tissue ischemia. In¯ammation also causes damage of the overlying epithelium of the tympanic membrane. These processes solely or together facilitate extrusion of the prosthesis even though with excellent biocompatibility. In the present study, extrusion occurred in 14 of 17 ears within 3 postoperative years.
In three ears it occurred even after > 5 years. In these ears, the tympanic membrane was severely retracted and did not respond to air insuation during postoperative follow-up. This suggested that the extrusion was related to tubal insuf®ciency. Grote 7 reported an extrusion rate of 4% using incus/stapes prostheses. He mentioned that extrusion did not occur when the prosthesis was interpositioned between the footplate of the stapes and the handle of the malleus. In two ears where there was extrusion, the incus/stapes prosthesis had been placed between the footplate and the tympanic membrane, the same technique as we used. Extrusion can be avoided by interposing an autogeneous material between the prosthesis and the tympanic membrane. Sanna et al. suggested the use of auricular cartilage to avoid extrusion. 8 Recently, we attempted to place a bone paÃ teÂ plate between the prosthesis head and the tympanic membrane. It is too early to evaluate the results, but so far extrusion has not occurred in these cases.
The hearing results of ossicular reconstruction should be evaluated on a long-term basis, since it usually deteriorates with time. In our cases a hearing success rate of 59% at the ®rst year turned out to be 50% at the ®fth year. Such a reduction in hearing over 4 years was reported to be 6% by Murakami et al. 9 who used hydroxyapatite prostheses and 4% by Yamamoto 4 who used aluminium oxide ceramic prostheses. Grote prostheses showed better hearing results than any other study. 7 This is due to the fact that he performed eradication and reconstruction by staged procedures to avoid recurrence of cholesteatoma. In this study, ears that formed an adhesive tympanic membrane had the worst success rate at the ®fth year (Table 3 ). This suggested that it is important not only for prevention of extrusion but for maintenance of useful hearing to avoid adhesion of the tympanic membrane., The hearing results of the T-type prosthesis were poorer than those of the P-type irrespective of the postoperative period. This has been seen in other reports.
4±7
In this study, the T-type prostheses were mainly used in cases of revision surgery (11/18 ears) and adhesive otitis media (8/13 ears). In spite of biocompatibility of hydroxyapatite ceramic, in those cases hearing failure occurred at a high percentage. It is assumed that the dierence of postoperative hearing loss by prosthesis type associates with the severity of the original disease. In severe disease, it might be necessary to leave ossicular reconstruction longer than 9 months the same as Grote.
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Conclusion
Hydroxyapatite prostheses were used for reconstruction of the ossicular chain. They were tolerated in long-term middle ear implantation. Hearing results were favourable, especially when the prosthesis was interposed between the stapes head and the tympanic membrane. In spite of good biocompatibility, extrusion occurred in 17 of the 106 ears; this was probably due to tubal insuciency. The results further indicate that it is necessary to follow up for a longer period and to maintain aeration of the middle ear in order to prevent adhesion of the tympanic membrane. 
